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EU regulations for pesti-
cides in drinking water are
the most restrictive in the

world, allowing maximum con-
centrations (MCL) of 0.10 µg/L
of any pesticide or of their degra-
dation products in drinking
water. Very accurate and precise
method for the determination of
the relevant compounds is there-
fore needed [1-12]. The standard
method was modified using solid
phase extraction (SPE) and gas
chromatography – mass spec-
trometry [3-12], and the extended
calibration through the overall

procedure with deuterated stan-
dard compounds [8-11]. At the
target concentration level of 
100 ng/L, the expanded uncer-
tainty was approx. 10 %. The
method proved very useful for
target monitoring of selected 
herbicides, trend analysis and
groundwater transport studies
using low levels of herbicides as
“natural tracers”.

Experimental – 
Materials

GCMS: GC-17A/QP-5050A 
with autosampler AOC-20i, 
Shimadzu, Japan. Silanized injec-
tion liners, SGE Australia. DB
5MS column, 30 m ID 0.25 mm,
J&W, USA, Control. PC with
CLASS 5000 software and NIST
21, NIST 107 and PMW TOX 2
spectral libraries. 

One liter brown sampling bottles,
Duran, Germany. Alltech SPE
vacuum unit for 12 samples,
USA. SPE cartridges EN 200 mg,
Merck, Germany and Chroma-
bond RP 200 mg, Macherey –
Nagel, Germany. Gasses: helium,
99.9999 %; nitrogen 99.999 %
purity, Messner, Slovenia. Ace-
tone, methanol, ethylacetate, and
dichloromethane (DCM) for
GCMS analysis, Rathburn, Scot-
land. Hexachlorobenzene (HCB),
solid, p.a., Fluka, Switzerland.
Pure standard analytes and stan-
dard solutions of deuterated ana-
lytes, Dr Ehrenstorfer, Germany.

Methods – Preparations of
standard solutions (Fig. 1)

Solid target analytes and standard
solutions of deuterated analytes

Figure 1: Flow chart for the preparation of the standard solutions 

* Note: Last dilutions for CAL1 and CAL2 solutions were made daily

were used. All spiking solutions
were performed with serial dilu-
tions in acetone. 

SPE procedure (Fig. 2)

1.15 L of each sample, (standard
(calibration) sample and control
sample) were extracted using SPE
cartridges at 3 - 5 mL/min. The
cartridges were dried for 2 min-
utes and stored in the refrigerator
at + 4 °C (not longer than three
days). The SPE cartridges were
eluted with 10 mL of DCM.
Traces of water were removed 
by anhydrous sodium sulphate.
The eluate was dried with nitro-
gen and redissolved in 1 mL of
400 µg/L HCB solution in ace-
tone or acetone/DCM. 

GCMS analysis (Fig. 2)

1 µL of the solution was injected
into the GCMS. A temperature
programme from 50 °C (1 min.)
to 270 °C with initial fast heating
was used. The injector tempera-
ture was 280 °C and detector
temperature 300 °C (METH2 in
flow chart, Fig. 2). A daily con-
trol run was performed before
each sample analysis (see Fig. 2).
For S/N calculation, 1 µL of the
HCB solution was injected in
DCM, splitless mode. 

The temperature programme
from 80 to 220 °C with fast heat-
ing was applied. Scan range was
between 40 and 350 and tempera-
tures of the injector and detector
were both maintained at 250 °C
(METH1, Fig. 2). The same
GCMS program (METH2, Fig. 2)
and the same injection solvent
were used for control run with

endrin and p,p-DDT as well as
for sample analysis.

Calculations

A calibration curve with area
ratios (A/AIS) vs. mass ratios
(m/mIS) was generated by linear
regression within the limits of the
calibration range. The calibration
range was determined by statisti-
cal analysis of concentration data
from real samples. For the
extrapolation to LOD level and
up from the upper calibration
limit linear regression was not
used, but response factor calcula-
tion, as described in EPA 525.2
and EPA 526.1. Extrapolation
accuracy was checked with con-
trol samples. 

Conclusions

For the determination of semi-
volatile organic compounds, the
SPE-GCMS method using inter-
nal standards is sufficiently accu-
rate and precise. 

For the best results for target
monitoring it is important to
select and adapt the calibration
range according to each group of
analytes. This can be achieved by
using two calibration ranges,
adapted to the expected concen-
trations of target compounds and
MCL of 0.10 µg/L. The matrix
selection for calibration, control
and validation procedures is very
important. For calibration and
control sample natural spring
water, free of any traces of target
compounds was used, but with a
similar organic matrix back-
ground. The statistical uncertain-
ty budget was calculated �

SPE-GCMS high precision method
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3,4-dichloroaniline D2 – IS

3,4-dichloroaniline (95-76-1)

Desisopropylatrazine D5 – IS

Desisopropylatrazine (1007-28-9)

Desethylatrazine D6 – IS

2,6-dichlorobenzamide (2008-58-4)

Simazine D10 or D5 – IS

Simazine (122-34-9)

Propazine D6 – IS

Propazine (139-40-2)

Prometryn D5 – IS

Prometryn (7287-19-6)

Compound (CAS NO)

Desethylatrazine D6 – IS

Desethylatrazine (6190-65-4)

Desethylterbuthylazine (30125-63-4)

Hexachlorobenzene – CS

Atrazine D5 – IS

Atrazine (1912-24-9)

Terbuthylazine D5 – IS

Terbuthylazine (5915-41-3)

Ametryn (834-12-8)

Prometryn D5 – IS

Terbutryn D5 – IS

Terbutryn (886-50-0)

Metolachlor D6 – IS

Metolachlor (51218-45-2)

Carbamazepin D10 – IS

Carbamazepin (298-46-4)

Compound (CAS NO)

THC Pharm is the first com-
pany in Europe to manu-
facture dronabinol (THC)

and cannabidiol (CBD), the cramp
and pain relieving main active
compounds of the cannabis plant
(hemp). These active compounds
are available as prescription nar-
cotics and are being used increas-
ingly in the treatment of cramps,
pain, nausea or lack of appetite.
Purity testing and quality control
of these products at THC Pharm is
carried out using Shimadzu's
GCMS systems. 

THC Pharm was founded in
Frankfurt, Germany, in 1996 as a
patient initiative of four friends
and associates. The founders wanted to help provide patients who
already had experienced positive therapeutic effects using illegal
cannabis, to obtain the cannabis active compounds legally, in appropri-
ate dosages and of pharmaceutically pure quality. An endeavour which
met at first with enormous resistance from the public prosecution
department and authorities in the course of an intensive drug debate,
although at that time a similar but very expensive cannabinoid-based
product already existed in the United States. 

The many barriers that were overcome over time can be attributed 
to the dedication of the four partners which included Dr. Joachim 
Hartiger, left a quadriplegic after a car accident.

History of cannabis 

Hemp has been known for many hundreds of years as a cultivated as
well as a crop plant. Already in the fourth century B.C., hemp was cul-
tivated in China, as the fibre-rich plant was highly suited for the manu-
facture of paper, textiles and ropes. In this function, the hemp plant also
experienced a Golden Age in Europe and was used for instance as main
raw material for the sails and ropes necessary in shipbuilding.

Cannabis was not only used in ancient Chinese medicine. The Egyp-
tians, Assyrians and Indians also knew about the medicinal activity of
hemp. It was administered mostly as pain medication and relaxant but
was also used to treat loss of appetite and lower abdominal pain. 

Today, hemp plays an important role in ayurvedic medicine due to its
wide range of therapeutic applications.

In contrast, the medicinal use 
of hemp only became known 
in Europe in the 19th century.
Soon thereafter, a variety of pain
relieving tablets based on hemp
became available. After World
War II, the well-known medicinal
plant was gradually displaced
from the market by newly patent-
ed pain relievers. Today the use of
the hemp plant or its constituents
for self-medication or for recre-
ational use is prohibited. In recent
years, the low addiction risk of
cannabis and its excellent toler-
ance has sparked a worldwide 
renaissance in medical research on
cannabinoids. The objective nature
of the discussion on the medicinal

advantages of cannabis has played an important role here. This develop-
ment has, however not gone as far as with opiates, where virtually no
associations are made anymore with opium pipes or heroin syringes.

Activity and application areas for dronabinol

The muscle relaxing, appetite stimulating, nausea inhibiting and pain
relieving properties of cannabis products are well documented. In addi-
tion, there are the soothing, mood enhancing, bronchial dilating and
inner eye pressure decreasing effects that are now being investigated in
further research. In most therapeutic applications, combinations of these
properties are of importance. 

Since 1985, a cannabis product has been approved for prescription
under the name of Marinol. It is used in the treatment of patients who
suffer from nausea and vomiting due to chemotherapy and who do not
respond well to any standard anti-nausea medication.

In recent years, another authorised indication for the use of cannabis
has been the treatment of loss of appetite in AIDS patients. The import
of fully synthetic Marinol from the USA is, however, time-consuming
and expensive. In addition, this medication is only available in tablet
form – a severe obstacle for severely ill patients who are suffering from
nausea and vomiting or massive swallowing impairments.

Standardisation of the active compound content 

For the founders of THC Pharm the pain and cramp relieving and 
therapeutic activity of dronabinol was most significant as it �

15

APPLICATIONShimadzu News 1/2005

From soft drugs to legal 
medication

GCMS: The unusual product of an unusual company
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with GUM 1.2 modelling soft-
ware [13].

At the concentration level of
interest (100 ng/L), an expanded
uncertainly of 10 % was deter-
mined. The procedure has been
accredited according to ISO EN
17025 and inter-laboratory com-
parisons are consistently within
the assigned range. Rigorous con-
trol of GCMS stability is still
very important. Many additional
procedures are described in EPA
525.2 and 526.1 methods and in
equipment manufacture manuals.
The use of internal standard
method compensates the intra-
day changes in GCMS stability
and the calibration errors caused
by the influence of the matrices.

European Union, Third Edition 2003

Document No. SANCO/10476/

2003 2003-08-27,

http://EU_AQC_guidelines_5_Sep

tember_2003.pdf

03. Organic Compounds by Liquid- Solid

Extraction and Capillary Column

GC/Mass Spectrometry, Environ-

mental Protection Agency method,

method 525.2, Rev. 2.0.

04. Determination of Selected Semi-

volatile Organic Compounds in Drink-

ing Water by Solid Phase Extraction

and Capillary Column Gas Chro-

matography/Mass Spectrometry

(GC/MS), Environmental Protection

Agency method 526.1, Rev. 1.0.

05. Shimadzu application note, 

SCA 280-004.

06. Macherey – Nagel application note,

No: 155.

Only a few deuterated standard
compounds are available, which
may be a disadvantage. Extreme
care should be taken when a deu-
terated analyte is not available
and daily use of control samples
and rigorous validations are then
necessary [14]. Many additional
steps of validation procedures
were described in the latest EU
documents on pesticides analysis
[2,15,16]. 
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